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The Tevatron at Fermilab

Tevatron

=

Main Injectdr
& Recycler

o

+  pp collider at Fermilab \f =1.96TeV

»  Average initial: >280 x 103! cm2 s

* 40+ pb' per week

+ Recorded in total [£ ~4 fb-' per experiment

July 31,2008 Michael Kirby - ICHEPO8 High Mass Higgs @ Tev 2
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Tevatron Integrated Luminosity

* Tevatron is performing extremely well ~58 pb / week!
Collider Run Il Integrated Luminosity
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|-Wesk\y Integrated Luminosity —e— Run Integrated Lumlnosﬂv‘
*Expect 6-8 fb* datasets by end of 2009 (possibly run in 2010)
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(B. Stelzer)
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SM Higgs

6 _July 2095 mml‘= 154 GeV
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Current limits:

@ my > 114 GeV (LEP direct)
@ my < 154 GeV (indirect)

e my < 185GeV (indirect + LEP)
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Tevatron Run Il, pp at \s = 1.96 TeV
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@ A very rare process!

@ Lepton ID, £+.

@ b-tagging.

@ Careful background estimation.

@ Extensive use of multivariate
discriminants (NN, BDT, ME).
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SM nggs Productlon and Decay

Productlon

9g9—H

Branching ratio

Cross section (pb)
=

Excluded by,

100 120 140 160 180 200

10 ]'\;]‘;. V 120 140 . I;:aﬂ. 18(‘)\ 0
s High mass: H- WW - Iviv decay available - ’

2
My (GeV/c?)

* Take advantage of large gg — H production cross section
& | ow Mass: H- bb, QCD bb background overwhelming

¢ Use associated production with W or Z for background discrimination

> WH - Ivbb, ZH - whb (MET+bb), ZH - llbb

® Also: VBF Production, VH - ggbb, H - tt(with 2jets), H - yy, WH->WWW, ttH

M. Herndon, ICHEP 2008
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A few statistics

Many different decay channels to consider.

Must combine all channels across both experiments for full
significance.

Total of 77 input channels:

WH — tvbb WH — tvbb  WH — WWW
ZH — tlbb  VH — E+bb VH — qqbb
H— WW H— 77 H — vy ttH

o At my = 115 GeV

» 10827 Background events predicted
» 37 SM Higgs signal events predicted
» 10746 Events observed in data

At my = 160 GeV

» 2622 Background events predicted
» 34 SM Higgs signal events predicted
» 2578 Events observed in data
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SM Higgs: WH - Ivbb

s WH - Ivbb - signature: high pT lepton, MET and b jets
* Backgrounds: W+bb, W+qq(mistagged), single top, Non W(QCD)

s Key issue: estimating W+bb background

Shape from MC with normalization from data control regions

s Innovations: CDF: 20% acceptance from isolated tracks, ME with NN jet corrections
D@ : 20% acceptance from forward leptons, use 3 jet events

W

CDF Run Il Preliminary, L=2.7 ' Ewetght

Results at mH = 115GeV: 95%CL Limits/SM

Candidate Events

UOIDIPaId O) PAZIBUION

i

-1 -0.5 0 0.5

ME+BDT 2tag

M. Herndon, ICHEP 2008
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SM Higgs: H-WW

s Most sensitive Hiaas search channel at the Tevatron

—— Bg (pre-fit) CDF Run Il Preliminary [L=a0m”
) i ~—— Bg (Bg Only Hyp) }
£100— ee, ey, DO Run Il Preliminal 2 ;
§ M, up Do ry B (S+B Hyp) 10° HWW Expected
o L, | [ Signal m =160 — HWW Observed
80 1 o Data W Hww s 10
H [Jrwwezs
60
10}
40 Fos SO
20
Standard Model H
0
110 120 130 140 150 160 170 180 190 200

Higgs Mass [Gevl:’]

Results at mH = 165GeV : 95%CL Limits/SM

Both experiments
Approaching
SM sensitivity!

M. Herndon, ICHEP 2008
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SM Higgs Combined Limits

s | imits calculating and combination
¢ Using Bayesian and CLs methodologies.

* Incorporate systematic uncertainties using pseudo-experiments (shape
and rate included) (correlations taken into account between experiments)

Backgrounds can be constralned in the fit

CDF Run 11 Preliminary, L=1.9-3. 0 i .

s - - z D@ Prelimi =1.0-30.08' = Observed Limit

ULEP Limit | ... ® SM Higgs Combinati i+ Expécted Limit
g Expected H B EXpecied ¥
§ = Observed 3 Expected +2-6
a E ilo 3]
g1 26 %
®
wv
(=)}

Standard Model = 1:0

July 31,2008
100 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200
2 mH(GeV/cZ)

m( GeVic™)

s | ow mass combination difficult due to ~70 channels

» Expected sensitivity of CDF/D@ combined: <3.0xSM @ 115GeV

M. Herndon, ICHEP 2008

20
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SM Higgs Combination

o High mass only

Tewvatron Run 11 Preliminary, 1L=3 !

= L B B B L L

£ Exp. 1.2 @ 165, 1.4 @ 170 GeV

g

- Obs. 1.0 @ 170 GeV

d10 | |

IS

T

[=))

1
i July 30, 2008
155 160 165 170 175 180 185 190 195 200

m(GeV/cT)
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SM Higgs Combination

a Result verified using two independent methods(Bayesian/CLs)

Tevatron RunII(Ig:limina.ry = |_-CLs Observed L
= - 0,
L=1.0-3.06" 1-CLs Expected 95%CL Limits/SM

 Expectedtl-o
Expected £2-0

95% C.L.
90°

T 190 195 200

my (GeV/c?)

SM Higgs Excluded: m,, = 170 GeV

a \We exclude at 95% C.L. the production of a
SM Higgs boson of 170 GeV

M. Herndon, ICHEP 2008
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BSM Higgs: ¢- bb

s CDF and D@ 3b channel: b@- bbb.

CDF Run Il Preliminary (1.9/1b)
W bbb
I bbx
B bcb
M bagb

Di-b-jet background too large in ¢— bb channel

Search for peak in di-b-jet mass distribution of
leading jets

s Key issue: understanding the quark
content of the 3 jets

events/(15 GeV/c?)

300 350
m,, (GeVic?)
2

DF: ndary vertex r and vertex m Tl [ ) %777
C Secondary vertex tagger and verte assumr D@ Preliminary, L=2.6 {6
DO: NN tagger using multiple operating points -a| my, max, u=-200 GeV

100 gb—bo e
Simulation/data driven studies of background F .
s No Evidence for Higgs:

e Limits tanf3 vs m, *

[ JExcluded Area |
Expected Limit
o ‘ i

80 100 120 140 160 180 200 2
m, [GeV/c?]

3b search very sensitive with certain
SUSY parameter choices

M. Herndon, ICHEP 2008 10

Other BSM modes: ¢ — 77, WH — WWW, H — ~~.
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What We Can Learn From the Top Quark

* Questions e Measurements in this talk

What is the Higgs Single top cross section
boson mass? Constraints on Wtb couplings
Searches for H" —tb, t—H'b

Search for FCNC

Do we understand heavy
flavor production in QCD?

asymmetry

Top quark pair cross section
Are there more than ‘Top quark mass
. PPN
three fermion generations? Forward-backward charge

M, distribution
Search for ¢ quark
Do all quarks have T W boson helicity

the expected couplings? Top quark branching fractions

34t International Conference on High Energy Physics
August 3, 2008
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Top Quark Signatures

* Single top quark: * Top quark pair:

Tevatron cross section: ~3 pb Tevatron cross section: ~7 pb

Tlbbvv

ebv qqqqbb.
eebbyvv
sl || DOVY
| bb VYV
bqq

eqqbbv

* Dominant backgrounds arise from vector boson + jet
production

* Good b jet and lepton ID, missing E7 resolution help
in finding top quarks

34t International Conference on High Energy Physics
August 3, 2008
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Single Top Cross Section

¢ Both CDF and D@ use several multivariate discriminants to

find single top candidates:

CDF Single Top Summary, 2.7 f5'

D@ 0.9 fis'
s-channel

p-value: 2.60
—— (3.80 expected)
Likelihood Function 20= g'g

p-value: 4.20
—@——  (4.80 expected)
Matrix Element 27+ 8&;

p-value: 3.80
—— (5.00 expected)
Neural Network 2.1+ 8;

p-value: 3.60
—— (4.90 expected)
8

Decision Tree 0.
isi 24 = o5

0 2 4 6
Single Top Production Cross Section (pb)

Mt-channel
Wit
W+jets

M Multijet
e+lL channel

0.7 0.8 0.9
tb+tqb Decision Tree Output

e Combining methods:

D@:c=4.7+1.3 pb
3.60 significance (obs)
2.3c significance (exp)
[Vis] > 0.68 @ 95% C.L.

34 International Conference on High Energy Physics

August 3, 2008
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Production Cross Section

* The /7 cross section has been measured in many final states

- new physics may impact final states differently

CDF Run Il Prefiminary”

July 2008

] Cocoian et al. JHEP 0404.063 (2002)
7 Kidonais Vogl PRD 68 114014 (2003)

“Lepton+Tra

feiisy

“Lepton+Track: Vertex tag
(L=111)

Dilepton
(L=281")

Leplon+Jets; Kinematic AN
(L=281)

Lepton+Jets; Vertex Tag
(=271

Lepton+Jets; Soft Electron T
(L=201)

Lepton+Jets; Soft Muon Tag
(=201

MET+Jets: Vertex Tag
(=031 )

All-hadronic: Verlex Tag
(L=1010")

‘CDF combined
(L=281)

Assume m=175 GeVic®
-~
8.3+1.3:0.7:0.5
—
10.1:1.841.1:0.6
6.7+0.8+0.4+0.4
6.8:0.4:0.6:0.4
7.240.4+0.5+0.4
7.812.4+1.5:0.5
8741.1:0.9:0.5
6.1:1.2508:0.4
-—

8.3:1.0 :23:0.5

7.0+0.3+0.410.4

(stats(systyumi)

D@ Run ll * = preliminary w July 2008

1.0
09f!

107"

dilepton (topological)*
107

I+track (b-tagged)”
101

tau+lepton (b-tagged)”
221"

tautjets (b-tagged)”
04 o

alljets (b-tagged, PRD)
0.4 1"

My, = 175 GeV

I+jets (from BtWh)B(t-Wa)*

Ijets & dilepton & tau+lepton* He+ 7.83 10464084 0 10 oy

~045-053

I+jets (b-tagged & topological, PRL) A 742 0531045 045 pb

o+ 8.20 *3%2 *077 2050 pb
=+ 7.03 1132078 s043pb
P 54 18 '0% w03 pb

3420,
7.327134 4120 4045 pb

54 %43 *07 03 pb

45 20714 w03 pb

(stat) (syst) (umi)
Caciari et al | JHEP 0404, 068 (2004)
Moch and Uwer, arXiv-0804. 1476 (2008)
L

0

2

4 6 8 10 12
o (PP —> tt) [pb]

o(pp —» ) =78+05+0.6=0.5pb

34 International Conference on High Energy Physics

August 3, 2008
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Top Quark Mass ( ¢ +jets)

Results:

D@ Run lIb Preliminary, L=1.2 fb"
o 11
w

CDF Run Il Preliminary 2.7 [T =

173 174 175 |Z6
m, (GeV/c’)
098166 168 170 172 174 176 178 180
M,,, (GeV)

722+ 1.0+ 1.3 GeV WIDG Run II combined (2.2 fb!):
m=1722+1.0+ 1.4 GeV

34 International Conference on High Energy Physics
August 3, 2008
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Mass Measurement from Cross Sections

* Assuming that production is governed by SM, can compare
measured to calculated cross sections to extract top mass

- mass is measured in a well-defined renormalization scheme

- systematics largely uncorrelated with other methods

D@ Preliminary, ~1 fb" E * I
/-

NLO+NLL cross section:
M. Cacciari et al. (2008)

m:=167.8£5.7 GeV

section (pk)
N @ B

-

c
L
°
@
@
@
]
o
4
3]

=]

Approx NNLO cross section:
S. Moch and P. Uwer (2008)

m;=169.6 £ 5.4 GeV

5 3
150 155 160 165 170 175 180 185 190
top quark mass (GeV)

34t International Conference on High Energy Physics
August 3, 2008
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Top Quark Mass without Jet Energy

» Use observables that vary with top mass but have no first-
order dependence on jet response | EEIEEEITES]

[0 ttbar.¢ = 8.2 pb
- 1 t 1‘1 5 %Other
Single Tt
cpton pr ik
g [ QCD

- bdecay length in xy plane | e

m=1753+62+ 3.0 GeV

Systematics largely orthogonal
to other measurements s a7

[ single Top
. Wt

Currently statistics-limited,
but will be an important
technique at the LHC

1.2d [em]

34t International Conference on High Energy Physics
E.W. Varnes August 3, 2008

Scott Snyder (BNL) Sep 18, 2008 19 /29




World Average Top Quark Mass

Tevatron
Electroweak
Working Group

Mass of the Top Quark (*Preliminary)

CDF-Il di-l 167.41£10.3£ 4.9
Dotg T 16844123436
"COF-Il diil S 171.2£27+29
‘DOl dil | 1744+32+21

CDF-1 14 176.1£5.1£5.3
DO-1 14] _’_1730.1 +3.9+36
‘COF-Il +j || 172213+ 1.0
‘DOl 4] 1715£15+15
173.0+£13+1.7
186.0£10.0+5.7

176.9+26+3.3

“DO-Ilb 14}
CDF-l allj

"CDF-Il allj

‘CDF-li trk 1756.3£6.2+£3.0

“Tevatron July'08 1724+ 07+1.0
"7 T(stat) T (syst,
//dof = 6.9/11.0 (81%)

1

0 T
30 100

150 160 170 180 190 200

M, (Gevic’)

m;=172.4+£0.7+ 1.0 GeV
0.7 % precision

AVAEIIY

LEP Electroweak
Working Group

Mgy

154 GeV

) :
Aot g =

— 0.02758+0.00035
0.02749+0.00012

incl. low Q° data

Excluded

7 Preliminary

m,, [GeV]

<185 GeV

300

mu< 154 GeV @ 95% C.L.

with LEP2

limit

34 International Conference on High Energy Physics

August 3, 2008
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Search for Invisible Decays

* Measure absolute rate (rather than fraction) of events with 2

b-tagged jets to determine B(t —X) Xis any state with

- sensitive to invisible top decays different acceptance
than Wb

Top Cross Section: Double Loose SECVTX Tag ([ .dr = 1.9fb~")
Sample 2 Jets 3 Jets 4 Jets > 5 Jets

ww 0540.1 0.540.1 02400  0.1+00
wz 2.64+0.3 0.840.1 02400 00400
7z 0.140.0 0.04+0.0 00+£00 00400
Single Top (s) 84+1.2 2.8+0.4 0.740.1 0.14+0.0
Single Top (1) 20403 1.840.2 0.5+0.1 0.14£0.0
Z+LF 1.1+0.2 0.740.1 02400  0.1+00
Wbb 3394133 10.64+4.3 20409 05402
Wee/We 6.142.5 27411 0.74£03  0240.1
Mistags 43+1.0 2.6+0.7 0.74+02  0240.1 B(f - ZC) <13%

Non-W 27+1.9 0.8+1.5 0.5+1.5 02+£1.5 B(t — inViSible) < 9%
Total Background 61.6£16.6 23.4+7.3 57433 14+1.7
SM 11 (8.8pb) 32.945.2 90.2+14.1  L13.7£17.6 41.1£6.3

Total Prediction 94.5+17.4 113.6£15.9 11944179 42.5+6.5
Observed 107.0 118.0 1150 440

34 International Conference on High Energy Physics
August 3, 2008
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Z Pair Production @ D@ (1.7-2.7 fb)

T T T
D@ Preliminary 2.7 fb™:  e*e’

ZZ—llvv channel: new missing E_

3

— data

estimator, likelihood to separate 10° Wz
WW background (S/B=0.25) Ewwwz -

events/2 GeV
o

Ezz

ZZ-llll: no candidate in first 1 fb-1, then 3
candidates in 1.7 fb™*
Result 6=(1.48+0.59*%7

) pb (stat+syst) ¢

-0.19

Observation 10720 40 60 80 100
Channel _ [ZZ>llvy [ZZoIIT [Combined | 7™ Fr V)
Observed Results
DZ@I‘O‘EXPOI‘imOHl *  Data recorded
2817 I Predicted signal
p-value 4.0%10°3 | 4.3%10°® I Preciced backgrond

significance 2.7¢ 5.3c 5.7¢

Expected significance 4.8c

Number of Events
T

°

Hopefully not last diboson process to
be observed at Tevatron
available on arxiv thiS week Effective Mass of Four Leptons, GeV/c?

500

ICHEP'08 M. Verzocchi Electroweak physics 5

CDF observes ZZ too!
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Cross Sections Summary

All diboson processes e Tevatron Run Il pp atVs = 1.96 TeV
involving W/Z/y observed . a . CDF

L s DO
at Tevatron ..... 10 »* = theory

3
2
T

..... but only in the fully

Cross Section (picobarn)

leptonic decay channels : — a. 2004

1wl O = 2006
Both experiments wi T E%?
working on selecting L Y\
diboson processes L t o4

with W/Z—jets, large
W/Z +jets background

Proving ground for analysis
techniques for Higgs searches
and theory calculations / Montecarlos

ICHEP'08 M. Verzocchi Electroweak physics 6
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Precision tests of QCD with jets and vector bosons at HERA and TevaTron

12
Jet cross sections at TevaTron ]

e Inclusive-jet cross sections in  pp collisions: high precision measurements at
high E’Iﬂ‘r where new physics might show up (and sensitive to g PDF at high
CDF

g
Q

[y1<0.4 (x32) CDF Run |l Preliminary (L=1.13fb™)
0.4<y|<0.8 (x16)
0.8<[|y|<1.2 (x8) L
1.2<]y|<1.6 (x4) ] systematicuncertainy

1.6<ly|<2.0 (x2) NLOJET++ CTEQ 6.IM p=P¥'/2, R =13
2.0<|y|<2.4

,

Data corrected to the hadron level

Be e
QLYY

Midpoint: R=0.7,f__ =0.75

merge’

B
Q
3
=
>
S
o
s
sl
©

\s = 1.96 TeV 5 I¥I<0.1 (10°)
0.1<|Y|<0.7 (xloa)

0.74vl<LL

— NLO pQCD

“+non-perturbative corrections

CTEQ6.5M p =p_=p, 3 1‘e<|V|<21‘(xw") ) ) ) )

100 200 300 400 500 600 700

P¥ET (GeVic)

= —t—
== L19V|<16 (x10%)

Wy S L L P
50 60 200 300 400 600
p, (Gev)

D@, abstract 506, hep-ex/ stract 452, CDF/DOC/JET/PUBLIC/8928
C Glasman (Universidad Aut 6noma de Madrid) ICHEPO8 (Philadelphia): August 3, 2
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Precision tests of QCD with jets and vector bosons at HERA and TevaTron

13
Jet cross sections at TevaTron ]

highest reach in energy and
robe of hard interactions at shortest distances

COF Run I Preliminary

doav, piGevic)

Mo, R=07, <1, L, =113

e MO LT, CTEGB M
conected o hadon el
R 22, R 13

-, 0 syeme ncananies

, Ipbi(GeV/

%oy
o G2

3
2
2

excited quarks, V

CDF Run Il Preliminary

R and gravitons

M, [Gevic’]

Midpor, =07, 6L L, = 1130
o s/ MO (CTEQS 1, p=pf™Ge1 2254, R, 13|
[ ] systematic uncetainves
POF uncerainy rom CTEQ
- GMRST2004)G(CTEQS )
o2 xy)olu)

é‘jm:iiw::x:_,_#ﬁ
e

COF Run Il Preliminary, 1.13 b CDF Run Il Preliminary, 1.13 o™

—— 9554 CL i (W)

S
g

955 CLlmis for R-5 G, Techniha)

—e— 955 CL lmis for theothers) —e 9% CLiimis @)

Data/ Theory

- Techniho
—RSG M

ptance (y *7J<1) (pb)
o L

prance (i "%j<1) (pb).
g

— Excited quark

E6 dquark

o xBr x Accer

9 xBr x Accer

£ coF Run 1l Prefiminary S~

=6 % uminosiy uncortainy ot included

T Tag
L s Gevic

"
M, [GeVic?] CDF, abstract 452, CDF/9246
C Glasman (Universidad Aut 6noma de Madrid) ICHEPO8 (Philadelphia): August 3, 2008
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Dijet angular distributions

Variable Xdijet = eXp(‘yl - }/2|) >'§_’—) 0.14 [ —— Rutherford Scattering
. S F ---- Qcb
o Flat for Rutherford scattering S o012y L New Physics
. L 0.1
@ Slightly shaped for pQCD " o00 Ex
@ New physics enhances low end e
2 4 6 8 10 12 14 16
— o Xaiior = €XPUY1—Yo|)
%’ 01 | —e— D@ preliminary 01 F
F W —— Standard Model W— A +
-8 0.05 ¥ === Quark Compositeness 0.05 = F
5 o 0.2‘5<M1/T‘eV<0.3| A=2.56TeV (A=+1) ok O‘.6<MH/T‘9V<O.7‘ F 0‘.7<M“/T‘eV<0.8‘
© o1fF.- |- ADD Lg. Extra Dim. 0.1 E
= E M=1.55TeV (GRW) I ) Q e
0.05 -+ = TeV" Extra Dim. 0.05 |- F t 5 fi
 os<wytv<oa | Taratier oL 08<Mev<oo | ootmmev<io
0.1 f5 ’ 0.1 F =
WW‘ E == |t
0.05 - + F 0.05 F + E
04<M/TeV<05 [ 05<M/TeV<0.6 F 10 <MyTeV <11 | iy
P R A AT I ST A At e obe S P TI ! N

5 10 15 5 10 15
Laijer = EXP(IY-Y2l)

Compositeness (A = +1): A > 2.6TeV,

ADD extra dim (n = 4): Mg > 1.6 TeV; TeV~! extra dim: M. > 1.4 TeV.

Scott Snyder (BNL) ICHEP Summary: Selected Tevatron results
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Precision tests of QCD with jets and vector bosons at HERA and TevaTron 25

Prompt photons + jets at Teva

e Production of isolated photons in association with jets: pp — v+ jet + X
— probe of dynamics of hard QCD interactions

constrain on PDFs
0.007 < x £ 0.8,900 < Q% = (pJ)? < 1.6 - 10° GeV?

Measurements as a
function of for
different and

an improved theoretical description of ~ ~ + jet production is needed
D@, abstract 509, hep-ex/0804.1107
ICHEPO8 (Philadelphia): August 3, 2008

C Glasman (Universidad Aut 6noma de Madrid)
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Precision tests of QCD with jets and vector bosons at HERA and TevaTron

v + b/c — jets at TevaTron

e Production of - in association with b/ c-jets
— tests of pQCD
— sensitive to b/c pPDFs
— background to Higgs and new physics
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There's lots more. . .

@ Heavy flavor:
> New measurements of BY, B, Ap, Tp, =p.
» CP violation in BY.
> Vid/Vis from By, Bs mixing.
Beyond Standard Model:
» SUSY/leptoquark limits.
» Charged massive stable particle search.
» Monojet/monophoton searches, Z’.
SUSY Higgs searches.
Top physics:
» Wtb coupling, B(t — Wb)/B(t — Wq), F(gg).
» Forward/backward asymmetry, W helicity.
» m(tt), t’, FCNC limits.
Electroweak:
» Z p; form factor.
> Ars
e QCD
» Underlying event.
» W/Z + jets and heavy flavor.
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